Background. Predicting the cooperation of orthodontic patients seems to be of the utmost importance for successful results in treatment with removable appliances, especially if their cost is to be covered from public funding. Therefore, the issue of unbiased pre-treatment assessment of cooperation still calls for an investigation.
Introduction
Nowadays, the alarming prevalence of malocclusions, which affect more than 90% of the population, 1,2 calls for interceptive orthodontic treatment, which improves the future general health status. Such early intervention is mostly realized with removable appliances, whose success is largely dependent on patient cooperation. [3] [4] [5] Monitoring patient cooperation has just recently been revolutionized due to microsensors, e.g., the TheraMon ® system. These microsensors are almost imperceptible; they are imbedded in an acrylic plate, which does not affect comfort while wearing the orthodontic device. TheraMon ® is also resistant to any interference from the patient, thus measuring wearing time accurately and reliably. 6, 7 Regrettably, studies using the electronic chips efficiently demonstrated considerably weaker patient cooperation than previously thought. 8 Therefore, many researchers focused on establishing factors that would enable us to predict patient cooperation before manufacturing an appliance. [9] [10] [11] [12] Our previous studies, 13 similarly to those by Amado et al., 14 have shown that the degree of compliance depends on the patients' and -more significantly -their caregivers' personality traits.
Such findings automatically gave rise to a question: is it possible to omit a complex psychological questionnaire and still predict cooperation reliably, especially that early orthodontic treatment is a part of the dental prophylaxis, which in many countries is reimbursed from public funds?
Bearing in mind that impaired smile attractiveness has been the main incentive to seek orthodontic treatment, [15] [16] [17] [18] one might have presumed that the individuals who are dissatisfied with their smiles are likely to be the most compliant patients. However, since eager amenability to the regimen of treatment with removable appliances is an uncertain issue, and a strong relationship between poor smile esthetics and excellent patient cooperation has not yet been objectively verified, our hypothesis obviously remains a matter of controversy and debate.
Therefore, the purpose of our study was to provide evidence whether objectively, electronically monitored daily wear time (DWT) of removable devices correlates with selfperception of smile attractiveness assessed by patients and their caregivers. If so, we would have established an easy and reliable predictor of compliance, thus decreasing the orthodontic treatment cost/effectiveness ratio.
Material and methods

Study group
Ninety-seven healthy children (51 girls, 46 boys) without cleft palate or any oral disease, and qualified for interceptive or early orthodontic treatment with removable appliances, were enrolled in the study that received approval from the Ethical Review Committee of Wroclaw Medical University (approval No. KB-322/2014).
All patients met the following inclusion criteria: age 9-12 years, good health and no syndromes or clefts, malocclusion likely to improve with an active plate or twin block, i.e., mild or moderate crowding of the anterior maxillary teeth, Class II functional shift, or pseudo Class III or bilateral cross-bite due to narrowed maxillary dental arch.
Before treatment, the caregivers (79 females, 18 males), who declared future active supervision of the child's cooperation, signed the informed consent. Subsequently, all the caregivers and the patients responded to the questionnaires designed by a psychologist qualified in assessing pro-health behavior. The following factors were ranked: -A1: children's self perception of smile attractiveness, -A2: children's thoughts on the importance of smile attractiveness, -B1: caregivers' perception of their children's smile attractiveness, -B2: caregiver's thoughts on the importance of smile attractiveness.
Regarding the attractiveness of the patient's smile, the score was given from 1 to 5 as very poor, poor, fair, great, and excellent, respectively. Regarding the importance of smile attractiveness itself, the score was given from 1 to 5 as very indifferent, indifferent, barely important, important, and very important, respectively.
In each case, a psychologist participating in these studies explained to the patients are caregivers all the terms appearing in the form, which was completed only after the terminology of the questionnaire was understandable for the respondent.
Subsequently, 56 children (29 girls, 27 boys) received a twin block and 41 children (22 girls, 19 boys) received an active plate, all devices equipped with the TheraMon ® electronic sensors of temperature fluctuation, measuring appliance wear time with an accuracy of 15 min. We asked the patients to wear their appliances at least 12-14 h per day and to report back every 6 weeks on the DWT measurements with the TheraMon ® software. At that time, all patients appeared on designated appointments and none of the patients were excluded from the study.
In order to assess the accuracy of the TheraMon ® sensors in vivo, prior to this study we applied the protocol described by Pauls et al. 19 To do so, we instructed 5 postgraduate students from our Department to wear Schwarz plates equipped with the TheraMon ® sensors for 1 week, reading records provided by the sensors every day and noting every hour the device insertion and removal. The data analysis revealed insignificant mean discrepancy of 9.6 min per day between the recorded and the actual DWTs.
After 9 months, we subjected all the gathered data to a statistical analysis to answer the following research questions:
1. Is the DWT indifferent due to type of the removable device used in our study?
2. Does any of the 4 variables (A1-B2) affect the DWT and if yes, then how?
3. Is there any correlation between the 4 variables facilitating psychological evaluation process?
Statistical analysis
STATISTICA v. 12 software (StatSoft, Inc., Tulsa, USA) enabled us to answer our queries. The Shapiro-Wilk normality test results proved that the range of our data fell beyond the normal distribution pattern, so we applied a non-parametric analysis. All data was processed using the Mann-Whitney U test, Spearman's and Kendall's τ rank correlation coefficients and Dunn's multiple comparison test. [20] [21] [22] Power test analysis was performed with the Student's t-test, evaluating the significance of Spearman's R correlation coefficient. We established the significance level at p < 0.05 and the threshold of the power test analysis at the level of 0.95.
Results
Measurements of the daily wear time did not vary in the patients wearing twin block or an active plate ( Table 1) . Figure 1 demonstrates percentage distributions of the ranks obtained in the questionnaires. As for statistics, all 4 variables significantly (p < 0.05) correlated with the DWT: A2 and B2 -positively, A1 and B1 -negatively.
However, the negative correlation was twice stronger than the positive one ( Table 2) . Table 3 demonstrates differentiation of the DWT depending on low (1-2 points) or high (3-5 points) scores from the questionnaires. Apparently, smile attractiveness evaluated as poor by children (A1, low) and their caregivers (B1, low) undoubtedly elongates the DWT to 9.64 h and 9.68 h respectively. So do the greater children's and the caregiver's concerns about importance of the smile attractiveness (A2, high and B2, high) -however, to a lesser extent: 7.90 h and 7.85 h, respectively. Table 4 presents comparison in pairs of the caregivers' and children's judgments. We found statistically significant correlation (r > 0.7) only when comparing the A1 and B1 or A2 and B2 variables. Interestingly, responses provided separately by the children (A1 and A2) and their caregivers (B1 and B2) turned out to present no correlation (r > −0.5).
Discussion
From a clinical point of view, it is particularly important to find a criterion that already at the stage of diagnosis would allow us to assess the future cooperation of young patients with regard to wearing their devices. And despite the fact the TheraMon ® system was introduced in orthodontics a couple of years ago, such sensors have not been utilized to efficiently and reliably predict compliance instead of merely assessing it in-treatment. 19, 23, 24 That is why our entirely new and unique approach also has a scientific long-term goal. Namely, it opens the door for the objective verification of the efficiency and efficacy of removable appliances in complying patients selected prior to manufacturing the expensive orthodontic devices. This goal, however, requires the selection of criteria that best predict the degree of cooperation among patients. The authors have already made an attempt to objectively assess the effectiveness of some of these criteria in the published studies. 13, 25 It is clear that conducting such a study would in the future create evidence-based treatment protocols regarding the DWT.
Sergl and Zentner 26 admittedly proved that the degree of compliance depends on the orthodontic appliance type; however, in their study the DWT was not verified objectively. Our outcome (Table 1) , which is in accordance with that obtained by Schafer al., 27 results from monitoring patients' cooperation with sensors, thus increasing reliability of the results. Therefore, we neglected the type of removable device in subsequent statistical analyses. Since we proved that the orthodontic patients do not prefer active plates to twin blocks, we assume that a therapeutic construction bite does not hamper the patients' acceptance of the removable apparatus and -afterwards -does not impair the cooperation level. Nevertheless, the inquiry as to whether other bite jumping devices, e.g., bionators, are tolerated equally well as the twin blocks, remains unanswered.
Dissatisfaction with one's facial appearance is commonly known as the main factor contributing to a patient seeking orthodontic treatment. 2, 18, 25, 28, 29 Therefore, in the literature from different decades reports can be found stating that esthetic impairment caused by malocclusion, as well as the caregivers' low rating of their child's occlusion support better cooperation during orthodontic therapy. [30] [31] [32] According to Lin et al., 29 even the visual presentation of post-treatment esthetics deterioration and the ensuing non-cooperation during retention phase seems to increase patients' discipline with regard to wearing their Hawley's retainers. However, assessment of the virtual compliance in the quoted papers remains in a sphere of speculation due to lack of evidence, contrary to our findings ( Table 2) based on reliable, objective measurements. The strong negative correlations of the DWT and poor smile attractiveness seen by the patients (A1, r = −0.77) or more importantly by their caregivers (B1, r = −0.95) evidently proved the role that perception of smile attractiveness plays in predicting adequate cooperation when wearing the removable appliances.
Positive, although not strong correlations of the DWT and declared children's (A2) or caregivers' (B2) attitude to the importance of a smile attractiveness ( Table 2 ) demonstrated that the importance of smile esthetics is a more of an abstract issue than the smile esthetics itself, thus the prior cannon function as a reliable predictor of the DWT. In this way again we proved -indirectly -that aptly selected, one-question ranking self-perception of smile attractiveness is scientifically reliable as for an assessment of the young patient's future cooperation during treatment.
Orthodontic literature recommends that the wear time of removable appliances range from 12 h to 14 h per day. Regrettably, our study has proven that the discussed, objectively verified duration is less than 8 h on average. Furthermore, even if it reaches 10 h in the most cooperative patients, namely in children with a low rating of their smiles, 3 h of standard deviation (SD) occur (Table 3) . This leaves no doubts that previous assumptions relating to treatment efficiency are overestimated, as the measured and monitored DWT were based on bias. 33 They are at odds with our highly reliable outcome, which evidently justifies the necessity to evaluate the effectiveness of removable appliances, in order to modernize the apparently old fashioned recommendations regarding wearing time. Notwithstanding, such an assessment demands gathering only complying patients, whose simple selection is now possible, due to our presented study results. Folger stated that parental acceptance is extremely important in orthodontic cooperation. 34 Furthermore, Albino 32 and Gross et al. 35 also proved that due to adolescents' likely negative perceptions of orthodontic appliances, parental support and control are critical to treatment success. Our results, obtained using an objective method of patients' cooperation evaluation, fully support these findings. We demonstrated that, due to a high correlation of answers to the same question (A1 and B1: r = 0.7971; A2 and B2: r = 0.8754), interviewing only the caregivers as to smile attractiveness efficiently and effectively predicts the children's cooperation (Table 4 ). This is how, based on our previous study results, 25 we are able to state that parental personality features, rather than their children's, mainly affect the future cooperation during orthodontic treatment with removable devices. Considering that neither children nor their caregivers separately are coherent in an assessment of smile attractiveness and its importance (Table 4 ), utilizing complex psychological questionnaires in order to predict the DWT seems to be fully justified, especially that self-perception of smile attractiveness is a reliable predictor of a young patients' compliance with an orthodontist.
As for the limitations of our study, the questionnaire we applied consisted of only 2 questions. However, such procedure of interviewing respondents is based on the data collected from the literature. 42, 45, 46 Theoretically, the young age of the patients could also be a limiting factor. Nevertheless, numerous studies using questionnaires referencing similar issues among the peers of our patients [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] have already proven their adequacy among patient of that age group. It has also been confirmed by a psychologist participating in related studies that the age of the respondents did not influence their understanding of the questionnaire questions and, thus, the credibility of the given answers.
The smile esthetics was subjectively assessed only prior to the initiation of orthodontic treatment. It was done on purpose, as it prevented any influence of the therapy on the discussed parameter and, therefore, its significance for the patient cooperation prognosis. It should be remembered that, along with progress in treatment, even if the motivation is initially insufficient, a health habit related to wearing orthodontic device may be developed. 8, 25 On the other hand, along with the improvement of smile esthetics -especially of the feature that was not initially accepted, regardless of whether it was defined or not -the commitment of the patient may decrease. Both phenomena could weaken the credibility of our result, if it had not been for the short duration of the study that made it impossible to obtain long-term effects of the treatment.
The final aspect that constitutes a limitation of the study is the fact that we have only proven the occurrence of strong correlations between the DWT and the subjective assessment of a child's smile. We have not proven, however, that there is a cause and effect relationship between these phenomena. Nonetheless, on the basis of the available literature on the subject, [13] [14] [15] [16] [17] [18] [29] [30] [31] [32] [33] [34] it is well-founded to advocate the existence of such a dependence.
Conclusions
Our study reliably proved that the patient's smile attractiveness ranked subjectively as low on a 5-point scale survey predicts the orthodontic patient's irreproachable cooperation. What is important, we have achieved the results objectively, namely by applying the TheraMon ® sensors. In other words, our easy-to-use questionnaire faciltates both: changing the protocol of removable appliances wearing time during treatment and introduction of an evidence-based policy of reimbursement of such therapy from the public funds.
In order to complete our findings, there is still a need to investigate the effectiveness of removable appliances worn shorter than previously presumed, in certain malocclusions. It would also be interesting to study whether the improved smile attractiveness negatively affects the motivation to continue treatment, thereby hindering the correction of severe malocclusions that are otherwise imperceptible to the patient.
